
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



MEMOIRS, ®k 



-^sassOSQsS^ 2 - 



PART II. 
ASTRONOMICAL and MATHEMATICAL PAPERS. 



Netv Method of Working a Lunar Observation, 
by NATHANIEL BOWDITGH, A.A.S. 

V ARIOUS methods have been propofed for calcu- 
lating the correct diftance of the fun or ftar from the moon, 
their apparent diftance and altitudes being given : The eafieft 
manner is by Shepard's Parallatic Tables j but, as they cannot 
eafily be procured, it is more common to calculate them by 
Lyon's, Witchel's, Panthorne's, or Crofwell's methods. The 
chief advantage of the two laft is, that there is no difference of 
ca^es ; but the logarithms muft be obtained to great exactnefs, 
to fix places of figures, by proportioning for the odd feconds. 
Lyon's and Witchel's methods do not labour under thefe dis- 
advantages, as the logarithms need be taken to only four places 
of figures, and it is fufficiently exac"l to take them to the neareft 
minute ; but there are fo many different ways of applying the 
corrections, particularly in Lyon's method, that learners, in 
general, find the rules very difficult. To remedy which, the 
following rule is propofed, which, in a degree, unites the advan- 
tages of the former, without labouring under their difadvan- 
b tages ; 
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tages ; it not being neceftary to take the logarithms to more, 
than four places of figures, and to the neareft minute ; and 
there is no difference of cafes, the corrections being always ap- 
plied in the fame manner, whatever may be the diftance and 
altitudes. 

RULE. 

From the proportional logarithm of the moon's horizontal 
parallax, (found in Tab. XIII. Mafkelyne's Requifite Tables, or 
Tab. IX. of tenth edition of Hamilton Moore's -Epitome) its 
index being increafed by 10, iubtract the log. fine of the moon's 
zenith diftance, and the remainder is the prop. log. of her par- 
allax in altitude ; from which, fubtracting her refraction, the 
remainder will be the correction of the moon's altitude. 

From the fun's refraction (Tab. I. Req. Tab.) take his par- 
allax (Tab. III. ib.) the remainder will be the correction of the 
fun's altitude. 

The ftar's refraction (Tab. I. Req. Tab.) is its correction 
in altitude. 

Add together the fun's zenith diftance, the moon's zenith 
diftance, and the apparent diftance of the fun and moon, and 
note the half fum of thefe three numbers. 

To the conftant logarithm 9.6990 add the cofecant of the half 

fum and the fine of the apparent diftance • the fum* rejecting 

ao in the index, will be a referved logarithm, 

2 To 



MATHEMATICAL PAPERS. 3 

To this referved logarithm, add the fine of the fun's zenith 
diftance, the cofecant of the difference between the moon's 
zenith diftance and the half fum, and the prop. log. of the cor- 
rection of the fun's altitude ; the fum, rejecting 30 in the index, 
will be the prop. log. of the firft correction. 

To the referved logarithm add the fine of the moon's zenith 
-diftance, the cofecant of the difference between the ftar's zenith 
diftance and the half fum, and the prop. log. of the correction 
of the moon's altitude ; the fvim, reeding 30 in the index, will 
be the prop. log. of the fecond correction. 

Then to the apparent diftance, add the correction of the 
moon's altitude, and the firft correction, and fubtract the fum of 
the fecond correction, and the correction of the fun's altitude ; 
the remainder will be the moon's diftance corrected. 

Take the difference between the correction of the moon's alti- 
tude and the fecond correction, and with that, enter in the fide 
column of Tab. XIII. (of Req. Tab. or Tab. X, Ham. Moore) 
and under the corrected diftance, take out the correfponding 
number of feconda, which referve. Under the fame diftance, 
and oppofite the corxeaion of the moon's altitude, take out the 
number of feconds ; the difference between this and the num- 
ber of feconds above referved, muft be added to the corrected 
diftance, when lefs than 90 degrees, but fubtracted when greater 
than 90 ; the fum or difference will be the true diftance. 

The 
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The rule is the fame for a flar and the moon, as for the fun 
and moon, only in the rule, the word ftar is to be read inftead 
of fun. 

example; 
Given apparent central diftance of moon and flar 34 1$' /^.i", 

moon's zenith diftance 27 18', ftar's zenith diftance 6o° 14', 

prop. log. of moon's horizontal parallax 4741 : Required 

the corrected diftance. 



Prop. log. moon's hor. par. 
Sine S zen. dift. 

Prop. log. J> corr. in par. »/ 42" 
}) Refraction, o 29 

Corr. j) altitude, 27 13 

# Refraction or correction, 



10.474* 

8ia6 



I' 39* 



Coaftant logarithm, &699CS 

•§ Sum, 60 59 Cofecant, 10.0583 

Appar. dift. 34 26 Sine, 9-7524 

Referved logarithm 9-5°97 

^Zen. diO. <5u 14 sins, 9.9385 

f Sum — % ««. dift. 33 41 Cofec. 10.2560 

Correct. * alt. 1' 39" Pro. log. 2.0378 



4fc Zenith diftanee, 
JJ Zenith diftance, 
Apparent diftanee, 



§ Sum — J zenith diftance, 
■§ Sum — « Ifc zenith diftance, 



60 14 

87 id 
34 26 

Sum)i2i 58 



•§Sum 60 59 



33 4* 
o 4J 



9.5097 

D Zen. dift 47 18 Sine, 9.66rj 

I Sum-* * zen. dift 45 Cofec. 11.8830 

Correct P alt. 27' 13" Pro. log. 0.8204 



ift Correction, 3' 16" Pro. log. 1.7420 ad Condition, *' 24" Pro. log. 1.8746 



Apparent diftance, 

("Correct. J alt 
Add -> 



Subtraa 



(_ift Correction, 

fCorrect. ^alt. if 39" | 
\ad Correction, 2' 24'' J 



Add correaion from Tab. X1U. 
Correa diftance, 



34 »J 4» 

3 16 
34 j6 it 

4 3 

34 J2 8 

I 

34 5» 9 
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The foregoing directions will give the correct diftance fuf- 
ficiently near for any nautical purpofe whatever ; but, if the 
diftance were wanted correct to the neareft fecond, allowance 
ought to be made for the different temperature of the air, de- 
noted by the Thermometer and Barometer, as it affects the 
refraction. A fourth correction ought alfo to be applied, which 
may be found as follows. 

Take the difference between the nrft correction and the cor- 
rection of the. fun'a altitude, which call S. and the difference 
between the fecond correction and the correction, of the moon's 
altitude which call M. then add together, ( i.) Half the fum of 
the prop. logs, of the fum and difference of the correction of the 
fun's altitude and correction S. (2.} Half the fum of the prop, 
logs, of the fum and difference of the correction of the moon's 
altitude and correction M. (3.) The log. fine of the corrected 
diftance. (4.) And the conftant logarithm 9,5029. The fum 
of thefe four logs, rejecting 20 in the index, will be the prop, 
log* of this correction, expreffed in feconds and thirds j which, 
being added to the corrected diftance, gives the true diftance ; 
but this correction never amounts to more than a few feconds, 
and is always neglected. 

Demotifirotion of the Rule given for working a Lunar Observation. 

LET Z (Plate I. fig. 1.) be the zenitfi, ZsS y ZMmbt two 
vertical circles, in which let S be the true, s the apparent place 
of the fun, and M the true, m the apparent place of the moon. 
Z j and Z m the apparent, and Z S, Z Mtbe true zenitk dis- 
tances, 
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tances,^ Mandj- m the true and apparent diftances refpeetively. 
From S and M on m s let fall the perpendiculars Ss, MR form- 
ing the right angled triangles Ssr, MRm, in which the angles 
at j- and m are refpectively equal to the angles Z sm,Z ' ms, then 
Rr — ms -ip./r,4- i?»z, the .upper fign being ufed for the, cor- 
rections s r, Rm, jox the lower, According as the angles at 
j- and m are refpectively greater or lefs than ^90 degrees. It is 
in finding fubftitutes for thefe corrections s r, R m that our 
method differs from others ; for after the value of Rr is ob- 
tained, from Tab. XIII. of Bj*j* Tables, as in Lyon's method., 
we find the difference between the arches r R and r M, which 
being applied, gives rM; afterwards, if you think proper, 
you may apply our fourth correction, which is equal to the 
difference between Mr and M5, and is the fame as the 
fourth correction of Lyon's ; and you will have the true dis- 
tance MS. Thefe two laft corrections, as well as the rule 
for finding Ss and Mm, being the fame, as in Lyon's or 
Witch el's method, require no new demonftration, but the 
other part, depending on the corrections xr, Rm may be de- 
monftrated in the following manner ; 

On the center C defcribe a femicircle B D A, (Plate I. fig. 2.) 
on which take the arc BD p angle at s. Join AD, and 
from C on it let fall the perpendicular C F, then from the 
fimilar triangles AFC, A ED we have A F (= IAD ~ 
cofme i arch B D) : A € ( 1) : ': A E {= 1 ? cofine BD) : A D 
(= 2 cofme i arch BD) in which, as above, the upper fign is 
to be ufed, when BD or the angle s is more than 90 degrees, 

and 



MATHEMATICAL PAPERS. 7 

and the lower when lefs. Therefore, 

2 

1 J. cofine angle at x = cof. i angle at s ±= , + — 

(becaufe of the right angled triangle S r s) and in logar- 
ithms, 2 X log. cofine i angle at s = log. 5j ^ j r — log. 5 1 x 
-^- log. 2 : but by common fpherics 2 log. cofine 1 angle x 
= log. cofecant Zs + log. cofecant rt+ log. fine 4 fum three 

fides Z j-, s m, iT »*, -f- log. fine t fum three fides — fide Z m, 
which is therefore — log. S s 4. s f — log. S s — log. 2 ; whence 
log. Ss + sr> = log. S s -f log. 2 -j- log. cofec. Z s + log. 
cofec. a + log. fine i fum three fides -f- log. fine i fum — Z m r 
or by ufing proportional logarithms, prop. log. S s .£ s r zz pr. 
log. S s — log. 2 (or H- 9.6990} — log. cofec. Z s (or + log. 
fine Zs) — log. cofec. j- m (or -f log. fine s m) — log. fine i fum 
or (-f- log. cofec. i fum) — * log. fine * fum —- Zm (or -j- log. 
cofec. i fum ~~ Z m) but our referved log. is W 9.6990 + 
cofec. t fum -f- fine j- to, therefore S s + sr — referved log. -f 
log. cofec. Z s + log. cofec. i fum — Zwz + prop. log. ^j-, 
but thefe numbers are exactly the fame as thofe made uie of 
for finding ourfirft correction? therefore S s + sr = ill cor- 
rection. In the fame manner it may be proved, that Mm ,£ 
mR = 2d correction. Confequently^/w j- -f, correction » alt. 
(Mm) + 1 ft correction (or + 5 j + ^r) —cor. © alt. (or — 
S O — 2d correction (or —Mm ±mR) =ms + sr± mR = 
R r as was fhewn on laft page, which proves that our ill and 
2d corrections, applied according to our rules, w iH give the 
value of R r required, 
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Appendix to the Method of working a Lunar Obfervation. 

TO Amplify the calculations of a Lunar Obfervation, fome 
fmall additions may be made in the tables of Logarithmic 
fines, which will confiderably facilitate the work. 

In the firft place, when regulating a timepiece, by means of 
an altitude of the Sun or other object, the common rule for 
finding the apparent time gives the cofine of half the hour an- 
gle ; from which the angle itfelf is found and doubled, and 
generally (by feamen) turned into time, byxneans of a table cal- 
culated for that purpofe. All this may be avoided by putting 
the correfponding time in the fide columns of the table of fines 
(the margin of thefe tables being generally wide enough for 
that purpofe.) Adjoined is an example of the table for 21 
degrees : at -the top they are all marked P. M, at the bottom, 
A. M. fo that if the log. cofine was 9.96991, by inflection, we 
fliould immediately find, that the time in the fide column 
correfponding, was z u 48' 40" P. M. which is the time from 
pafling the meridian of the object. If the logarithm was 
9.55597, the cofine would be at bottom, and the time corref- 
ponding 2 h 48' 40*, is to be fubtracted from 12' 1 to obtain the 
time from pafling the meridian of the object. Thefe tables 
may be thus marked in three or four hotirs, nothing can be 
more fimple than the method of doing it, as it requires only a 
conftant addition of %" for every minute of the circle. 

Again, in all the tables of fines, which I have feen, the de- 
grees are only marked from o to 90 : Now, it often occurs in 

finding 
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Ending the apparent time, fun's azimuth, &c. that the degrees, 
whofe logarithms are wanted, exceed 90 ; in which cafe, the 
common method is to fubtracl it from 180, arid make ufe of 

the remainder. To 2 Hou rs P.M.' 21 Deg rees. 158 

avoid this fubtrac- 
tion, the degrees a- 
bove 90 to 134 may 
be marked at the left 
hand column of the 
bottom of the table ; 
and from 1 35 to 1 79 
at the right hand col- 
umn of the top of 
the table ; the num- 
bers to be marked 
down, being the dif- 
ference between the 
printed numbers and 
179: as in the exam- 
ple, 158 is the dif- 
ference between 1 79 
and ai ; and 1 1 1 is 
the difference be- 
tween 179 and 6.8, 
the odd minutes 
mult be found in the 
column directly a- 
bove or below where 2 Hours A.M. Ill 68 degrees. 

the number of degrees are marked j thus the fine of 1 1 1° 5' is 
C 9'9 6 99 r » 



M 


Sine. 


Cofine 


Tang. ICotan. 


Secant. I Cofec. | 


h ' " 






1 




a 48 c 












60 


8 ! 












59 


l6 5 












58 


34 : 


t 






- 




•57 


3* ■ ' 


t 










56 


40 .. 


' 9-SS597 


9.96991 








SS 


48 


i 










54 


56 


7" 










53' 


49 4 


% 










52 


12 


} 




• 


..*■ 




51 


SO I 


3 










5= 


28 t 


r 










49 


36 I 


a 








■ 


48 


44 I 


3 










47 


52 1 


4 










46 


JO t 


5 










45 


8 1 


6 








44 


i6'i 


7 








43 


24 'l 


8 








•• 4* 


J1I 


9 








41 


% 40 2 











40 


&c gtc |& 


A 








J ■"* kc 


54 O 4 


s 








■ 


15 


84 


6 










14 


16 4 


1 










13 


*4'/f 


8 










[2 


3*U 


9 










II 


40 t 

t . 1 














10 


48. 


1 










' 9 


56. 


2 










8 


SS 4. 


3 










7 


i% 


4 










6 


20 , 


!5 










5 


«8 


•6 










A 


36 . 


\1 










3 


44 . 


-8 










■ 2 


, •**• 


59 










I 


a 56 < 


So 










. C 




1 Cofine. 1 Sine. 


Cotan. 


Tang. 


| Cofec 


Secant. M 
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9.96991, and the fine of 158 55' is 9.55597. Thefe numbers 
may be marked through the whole table in 15 or 20 minutes. 
I have marked fome requifits, tables in this manner, and find 
it Amplifies the calculations to young calculators. 

In general three observers are required to make the requisite 
obfervations for determining the longitude j one to meafure 
the diflance of the two bodies, the other two to take their al- 
titudes. If the altitudes were not obferved, it has been cuf- 
tomary to calculate them, by means of the givemime of obfer- 
vation, the latitude of the place, declinations and right afcen- 
fions of the objects, which are found from the nautical alma- 
nacs. This calculation for the ftars and moon is lengthy, and 
is alfo liable to fome error, on account of the uncertainty of the 
fhip's longitude, which will alter the numbers taken from the 
ephemeris. The following method I have made ufe of, for a 
long time, to fimplify the work, and I have lately obferved that 
Mr. Vince, in his new fyftem of aflronomy propofes the fame 
method, 

Obferve the altitudes of the objects before and after you have 
meafured their diflance, and note the times of obfervation (for 
greater exaftnefs a number of diflances may be meafured and 
their correfponding times noted, taking the mean of all the 
diflances and times for the true meafured diflance and time.) 
Then add together the prop. log. of the variation of altitude, 
between the two obfervations and. the prop. log. of the time 
elapfed between obferving the firfl altitude and meafiiring the 
mean diflance ; from the fum fubtrac"l the proportional log. of 
the time elapfed, between the obfervation of the altitudes, the 
2 remainder 
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n 



Remainder will be the proportional log. of the variation in al- 
titude, which is to be added to the firft obferved altitude, if in- 
creafing, or fubtractive ifdecre^fing. The funi or difference 
will be the required altitude at the time of obfervation, which 
is to be corrected, as ufual, for the fun's femidiameter, and 
dip of the horizon. In this manner I have often obtained the 
altitudes, in much lefs time than. I could have obtained them 
by other calculations, and fufficiently exact for any nautical 
ptirpofe whatever. 

EXAMPLE. 

Suppofe the times, altitudes, diftances, &c. to have been ob- 
ferved, as below, it is required to find the altitudes at the 
time of meafuring the mean diflance. 



Time. 


Dift. obf. oBn-t. 


Time. 


Obf. alt. D 1.1. 


Time. O Obf. alt. 1. I. 


a h y io ii 


40° C 0" 


a 2 


20 46 


2 2 30 40 20 


4 20 

5 5° 


30 

1 30 


2 6 10 


21 20 


27O 39 12 










40° 40 


Dif. o'i 4 10 


0° 34 


Dif. 4 30 18 


Mean, z 4 30 









Dif. alt. b° 34' prop. log. O.723S 
Mean time, 2 4 3°? D jf 2 / ,^„ 1 0? *- S S73 

Time of ift obf. J 2 2 o\ ViX - % s& P- 10 S.< ». 

2.5811 

Subtra<ft prop. log. 4' 10" 1.63J5 



Corr. of alt. 
Add to I ft alt- 



Id 
20 46 



9456 



Alt. D at time of obf. »i 6 



Difc ak. -x-° 8' prop. log. O.4228 
Mean time, 2 4 3Q7 Dif , d , { 1-9542 

Time of ift alt. a 4 3°J P g — ' 

2.3770 
1.602 1 



Subtract log. 4' 30" 



Com of altitude, o° 30' p. log. 774? 
To be fubtra&ed from the ? 
ift obferved altitude. J _ i 

Sun's alt. at time of obf. 39 jo 



So that at the time 2 h 4' 30', when the moon's mean obferv- 
ed diftance was 40 o' 4&\ the 3> alt. 1. 1. was 21° 6', and the 
fun's obferved altitude 1. 1. 39 50', after which the calculation 
may be made as ufual. 

Note. Since this paper was communicated, Mr. Bowditch has compiled and pub- 
lifhed an Epitome of Navigation, entitled, " The New PraQkal Navigator," into which 
his new method of working a Lunar Obfervation is introduced. In that work, to which 
the reader is referred, will be found a fubftitute for the Tables mentioned in the above 
communication. 

ASTR. 



